Introduction
The Andover Quadrangle contains Middle Proterozoic through Devonian igneous, metaigneous and metasedimentary rocks. The oldest rocks, Middle Proterozoic gneisses of the Mount Holly Complex, occur in the western part of the quadrangle, along the east margin of the Green Mountain massif, and also in the Butternut Hill fold, a major south-closing appendage of the Chester dome. Core gneisses of the Chester dome occur at the eastern edge of the quadrangle. Late Proterozoic through Ordovician cover rocks dip to the east off of the Green Mountain massif and flank the Butternut Hill fold. Two tightly pinched synforms, the Proctorsville syncline and the Spring Hill fold contain rocks of Silurian and/or Devonian age and therefore must be Acadian structures. Rocks of the Spring Hill fold dip steeply to the west off the west flank of the Chester dome, which also is an Acadian structure. The pre-Silurian rocks contain abundant thrust faults and complex reclined folds that probably are Taconian. These have been refolded by intense Acadian deformation.
Previous investigations in the Andover Quadrangle include the unpublished Ph.D. thesis of J.B. Thompson, Jr. (1950) and his subsequent studies that were incorporated in the Centennial Geologic Map of Vermont at 1:250,000 (Doll and others, 1961) . More recent compilations include Thompson, McLelland and Rankin (1990) and Thompson, Rosenfeld, and Chamberlain (1993) . Regional structural studies include Rosenfeld (1968) , Ratcliffe, Armstrong, and Tracy (1992) , and Ratcliffe and Armstrong (1995) . Recent geologic maps of the adjacent quadrangles are: Cavendish (Ratcliffe, 1995a) , Chester (Ratcliffe, 1995b) , Saxtons River 7.5x15 minute quadrangle (Ratcliffe and Armstrong, 1995) , the Mount Holly and Ludlow quadrangles and Walsh and others, 1994) , and the JamaicaTownshend area (Karabinos, 1984 and Ratcliffe, in press ).
In previous interpretations of the geology, the Butternut Hill fold was viewed as an inverted anticline (synform) cored by Middle Proterozoic rocks, and the complimentary Spring Hill fold (the Star Hill fold of Thompson, 1950) was viewed as antiformal. The Spring Hill fold according to Rosenfeld (1954 Rosenfeld ( , 1968 and Thompson (1950) plunges to the north underneath core gneisses of the Chester dome.
Subsequent work by Ratcliffe (1994a) showed that such an interpretation was not supported by the mapping at Star Hill in the Cavendish Quadrangle. Likewise at the southern closure of the Butternut Hill fold in the Saxtons River Quadrangle (Ratcliffe, 1993; Ratcliffe and Armstrong, 1995) , cover rocks overlie, not underlie, the gneisses in a southwest plunging fold. Based on these observations the Butternut Hill and Spring Hill folds are interpreted as antiformal and synformal folds respectively.
In addition to the differences of interpretation of the major structures in the quadrangle, there are differences of opinion regarding the assignment of stratigraphic units and their interrelationships. The Tyson, Plymouth, Pinney Hollow, Ottauquechee, Stowe, and Moretown Formations have classically been interpreted as a single continuous stratigraphic section that tops eastward away from basement rocks of the Green Mountain massif. Recent studies in southern Vermont, however have indicated that these formations are either fault bounded or highly heterogeneous to the point that a coherent stratigraphic succession is not determinable (Ratcliffe, 1994b; Walsh and Ratcliffe, 1994) . The basal unit, the Tyson Within this quadrangle, an additional complication involves the age and correlation of the cover rocks in the Steadman Hill area east to the west flank of the Butternut Hill fold. Doll and others (1961) showed these rocks as units of the Moretown member of the Missisquoi Formation (of Doll and others, 1961) of Ordovician age. Subsequently the bulk of these rocks were assigned to the Cambrian Ottauquechee Formation by Thompson, Rosenfeld, and Chamberlain (1993) . I conclude, for reasons explained later, that the older assignment is more nearly correct, and that the bulk of these rocks belong to the Moretown Formation and the Cram Hill Formation. The cover rocks above the Middle Proterozoic * basement rocks of the Butternut Hill fold are interpreted as units of the Moretown Formation that, in many places, are in fault contact with the basement rocks. As a result, correlatives of the Hoosac, Pinney Hollow and Ottauquechee Formations are largely absent. Limited exposures of garnetiferous schists, possibly correlative with the Stowe Formation, may be present but also are largely absent in the cover sequence of the Butternut Hill fold and in that of the western flank of the Chester dome.
All the rocks in the quadrangle except for Devonian granite dikes are highly metamorphosed, having been subjected in part to Middle Proterozoic, Ordovician (Taconian), or Middle Devonian (Acadian) metamorphism and deformation. The latest Acadian metamorphism varies from perhaps garnet grade in the west to kyanite-staurolite grade in the east. Almost certainly the older Taconian metamorphism was garnet grade or higher throughout the area but vestiges of older metamorphism are rare and may only exist as the cores of some garnets as described by Rosenfeld (1968) and by Karabinos (1984) .
Previous plate tectonic interpretations of the pre-Taconian, Taconian and Acadian tectonism can be found in Stanley and Ratcliffe (1985) . In broad general terms, the rocks of the Andover Quadrangle can be assigned to the following mega-lithotectonic assemblages:
(1) Rocks of the Laurentian plate. These include the Mount Holly Complex and its immediate unconformable cover of the Tyson and Hoosac, and Plymouth Formations that together formed the basement and cover affected by ancient Late Proterozoic rifting leading to formation of the Laurentian passive continental margin in the Cambrian and Ordovician.
(2) Rocks of the late-rift and oceanic-drifting stage. These include the Pinney Hollow, Ottauquechee, and Stowe Formations. Although these rocks were deposited in a deepening and widening lapetan ocean basin, sediment polarity was largely from the Laurentian margin and these rocks are not therefore truly exotic rocks.
(3) Rocks of the oceanic arc and fore-arc accretionary prism. These include the rocks of the Moretown Formation, and the Cram Hill Formation and may include felsic and mafic volcanic or intrusive rocks of the Barnard Gneiss of Richardson (1929) . These rocks and the contained ultramafic rocks are exotic to the Laurentian plate.
(4) Post-accretionary Taconian or late Taconian metasedimentary and volcanic rocks. In the Andover Quadrangle these may include some rocks of the Cram Hill Formation and the Silurian and Devonian rocks of the Waits River Formation.
(5) Acadian granite dikes and sills formed late in the Acadian orogeny and following much of the doming but not before all of the tightening of the Acadian folds marginal to the Chester dome.
(6) Outside the Andover Quadrangle abundant Cretaceous lamprophyre, diabase and syenitic dikes are present and are related to a major episode of intraplate alkaline plutonism.
Stratigraphic Problems of Special Note
Middle Proterozoic units of the Mount Holly Complex in the Green Mountain massif, exposed in the western part of the map, consist of metasedimentary rocks, schists, calc-silicate rock, quartzites and biotite-quartz-plagioclase paragneiss that contains layers of amphibolite. The complex also contains intrusive granite gneiss, pegmatite, hornblende diorite gneiss and trondhjemitic rocks that may or may not be intrusive. The trondhjemite gneisses, in adjacent areas yield U-Pb zircon upper intercept ages of about 1.35 to 1.3 Ga (Ratcliffe and others, 1991) . Elsewhere, post-tectonic granites of the Cardinal Brook Intrusive Suite have been dated at about 0.95 Ga (Karabinos and Aleinikoff, 1990) . These data suggest that rocks in the Mount Holly Complex, which are defined (Ratcliffe, 1991) as older than the Cardinal Brook Intrusive Suite, range in age from greater than 1.35 to 0.95 Ga. In the Andover Quadrangle, the Moretown Formation is exposed in three different belts. The eastern belt in the core of the Spring Hill fold, consists of the pinstriped granofels member (Oml) and a greenish chlorite-muscovite schist and hornblende-fascicle schist (Omhfs) that contains beds of typical pinstripe granofels. Only minor areas of black schist (Ombs) associated with talc deposits and amphibolite are present.
The Moretown units of the Steadman Hill area consist predominantly of dark gray, slabby weathering schist (Ombs) that locally is carbonaceous but which is distinctly quartzose and which contains abundant discrete flakes of biotite. Beds of typical feldspathic pinstripe granofels are common throughout, as well as dark-gray to black vitreous quartzite in beds 1 to 5 m thick. Overall this black schist is much more quartzose and coarser grained than black schist of the Ottauquechee Formation and the two units are quite dissimilar. A very feldspathic granofels (Omfgc), either gray or greenish that contains thin beds or laminae of garnet-rich, fine-grained quartzite or true coticule is interbedded within the Ombs member and is easily separable. This granofels appears at different structural positions within the Steadman Hill and Proctorsville folds. This member and the Ombs member are involved in folds that are discordant to the lower contact of the Moretown. The map pattern suggests that an older generation of pre-Acadian folds may have formed within the Moretown during emplacement perhaps in the Taconian orogeny. The Omfgc unit resembles both the pinstripe granofels member Oml and the green granofels unit exposed in the belt of Moretown that extends south from Whetstone Hill.
On Whetstone Hill, and in the strike belt to the south, a fine-grained carbonaceous gray to papery tan garnet or biotite porphyroblastic phyllite (Omws) is exposed. Associated with this phyllite are magnetite-bearing coticule beds (Omwc) and dark-gray quartzite and epidotic quartzite (Omwq). as well as a very minor but distinctive volcaniclastic breccia (Omwv). Associated with these rocks and underlying them at Whetstone Hill, is a greenish-gray to gray feldspathic metasiltstone (Omwg). All the units above were previously mapped as the Whetstone Hill Member of the Missiquoi Formation of Doll and others (1961) . Distinctive interbeds of pinstriped granofels (Oml) are common near the border of the schists and it is quite clear that the schists are interbedded with rocks typical of the Moretown Formation.
These schists (Omws, Omwg) and associated coticule (Omwc) do resemble schists above the Moretown Formation in the core of the Spring Hill syncline, and along the eastern margin of the Chester dome in the Saxtons River quadrangle (Ratcliffe and Armstrong, 1995) . The schists at Spring Hill correlate closely with rocks east of the Chester dome that contain abundant mafic to intermediate amphibolites, quartz-pebble conglomerate, and felsic and mafic volcanic rocks that are traceable into the Hawley Formation of Massachusetts (Ratcliffe and Armstrong, 1995) . The rocks of the Whetstone area, however, both in the Andover quadrangle and further north in the Ludlow quadrangle (Walsh and Ratcliffe, 1994) , lack the abundant mafic volcanic rocks and felsic volcanic rocks characteristic of the Hawley. I conclude that the rocks on Whetstone Hill are not correlative with rocks of the Hawley, but are part of the Moretown Formation as originally determined by Thompson (1950) . The recent correlation of the Whetstone Hill phyllite member with the Hawley by Thompson, Rosenfeld and Chamberlain (1993) is therefore not accepted here.
Although the three outcrop belts of the Moretown in this quadrangle seemingly contain quite different stratigraphies, there is an overall similarity in the lithologies present in each belt and it is the proportions that vary. Map relations throughout southern Vermont indicate that the Moretown Formation is very heterogeneous and that rock units as well as structures within the Moretown are discordant to basal thrusts that underlie the Moretown (Ratcliffe and Armstrong, 1995) . Numerous large to small ultramafic bodies, now converted to talc or talc-carbonate schists, are found within the The differences in the stratigraphy of the Moretown Formation from the Whetstone Hill and Steadman Hill areas and from the Spring Hill fold, are exaggerated by the close distinctions made between similar different facies described above. In part these subtly different packages may be the result of early, unrecognized faulting in the Moretown basin during subduction and formation of an accretionary prism in the Taconian orogeny (Stanley and Ratcliffe, 1985) . The association of the ultramafic rocks with the black schist (Ombs) unit is very strong and suggests, along with the olistolithic features, slumping of large to small blocks of serpentinized oceanic mantle into a euxinic part of the Moretown basin.
The faults shown on the map that floor the Moretown Formation are, however, syn-to postmetamorphic faults and formed well after accretionary processes ended, probably during collision and emplacement of the accretionary wedge onto the Taconian-deformed continental Laurentian plate.
Because the Moretown accretionary rocks began their emplacement from an oceanward and lower structural position than the Laurentian crust (represented by the Mount Holly Complex) the younger Moretown could be emplaced by thrust faulting over older cover rocks of the Laurentian plate (Stanley and Ratcliffe, 1985) . Currier and Jahns (1941) . In this quadrangle and to the north in the Ludlow Quadrangle, these dark schists are interbedded with felsic metavolcanic rocks of the Barnard Gneiss of Richardson (1929) . At the type locality of the Barnard Gneiss in Bethel, Vermont, layers of felsic granofels, and ankeritic greenstone occur interbedded with rocks of the Moretown Formation.
Similar relations occur in the Ludlow Quadrangle (Walsh and Ratcliffe, 1994) . The bulk of the Barnard Gneiss in the Ludlow Quadrangle, however, appears to be metatrondhjemite that intrudes the contact between Ombs and typical feldspathic pinstripe granofels of the Moretown (Oml). Therefore the type Barnard Gneiss of Richardson (1929) may include both intrusive rocks as well as layered volcanic rocks.
The intrusive units should be singled out and assigned to a named intrusive suite. East of the Chester dome these intrusive rocks, previously referred to as the Barnard volcanic member of the Missisquoi Formation (of Doll and others) have been termed the North River Intrusive Suite (Armstrong, 1994) .
Where the volcanic rocks can be mapped as a part of another recognizable formation, they should be referred to as volcanic or volcaniclastic members; here they would be members of the Moretown or Cram Hill Formations.
In this map, units thought to be volcanic and volcaniclastic units above the Moretown Formation are informally referred to as the Barnard member of the Cram Hill Formation and the base of the Cram Hill is drawn at the base of the lowest and predominantly felsic member (Obf). A mixed unit (Obm) contains layered felsic and mafic layers, 10 cm to 1 m thick, interspersed with feldspathic granofels, and this is overlain by a unit consisting predominantly of amphibolite (Oba). Locally dark biotitic schist overlies the amphibolites and is assigned to the Cram Hill Formation (Och).
At the base of the Waits River Formation, in the Proctorsville syncline, is a thin, less than 10-m-thick unit of well-laminated epidote-hornblende amphibolite, granofels, and quartz-rich granofels that passes along strike into limey phyllite or thinly laminated felsic and mafic volcaniclastic beds (DSvc). In the adjacent Cavendish Quadrangle, this unit (DScv) is clearly interbedded at the base of the Waits River In the eastern part of the quadrangle, where Acadian structures are dominant, relict Taconian structure and the reclined F2 folds are best preserved on the limbs of Acadian folds. Well developed F2 folds appear along both limbs of the Butternut Hill fold and along the west dipping contact between cover rock and gneisses of the Chester dome. Here the older F2 lineations plunge steeply to the northwest. In the center part of the Proctorsville fold system, where the older S2 foliation is very tightly folded into subvertical Acadian folds, the older F2 lineations are nearly destroyed or obscured by the intensity of the later folding.
Pre-Acadian (Taconian) deformation probably affected all the pre-Silurian rocks of the quadrangle.
The Taconian events appear to be responsible for large-scale imbrication of basement and cover rocks originally on gently east-dipping faults. Strong transposition accompanied formation of a regionally important set of reclined folds whose hingelines are approximately parallel to the elongation or emplacement direction of the faults. These thrust faults and the foliation were subsequently folded to form the Acadian Chester dome.
The contact between basement gneisses and the Moretown Formation indicate that the Moretown was emplaced on and truncated earlier folds and thrust-faulted rocks in the hanging wall. On a regional scale, the fault contacts with basement rocks now exposed in the Chester and Athens domes (of Acadian age) represent the down dip parts of the Moretown faults, that to the north and west climb up section across the earlier, accumulated thrust faults in the Tyson, Plymouth, Pinney Hollow, Ottauquechee, and Stowe Formations. The contacts at the base of the Moretown Formation are therefore interpreted as Taconian faults resulting from up thrusting of the exotic accretionary rocks onto the Laurentian or continental block. The metamorphic fabrics and lineations associated with these faults are comparable to those early structures (Taconian) found in the thrust-faulted cover rocks older than the Moretown Formation. This structure is folded over the domes, and is highly folded in Acadian folds elsewhere.
Three major Acadian folds dominate the structure in the eastern half of the map. From east to west these are: the Spring Hill syncline, the Butternut Hill fold, and the Proctorsville fold system, which contains Devonian and Silurian rocks of the Waits River Formation. The tightly appressed pre-Silurian rocks in these folds contain relict Middle Proterozoic and, Ordovician (Taconian) folds, gneissosity and schistosity. Because of these pre-Acadian features, the Acadian folds are highly irregular both in plunge direction and in amount of plunge. In particular, plunges of folds in pre-Silurian rocks reverse from northeast to southwest along the axial trace of the Acadian folds. Commonly these folds plunge very steeply, either to the northeast or to the southwest or in some cases, down the dip of the Acadian foliation. This contrasts markedly with the plunge of folds in the Silurian and Devonian rocks, which is consistently to the northeast at about 15 degrees.
The dominant and oldest foliation in the Silurian and Devonian rocks of the Waits River Formation dips steeply northwest and is subparallel to the limbs of isoclinal folds of bedding. The hinge lines of these folds plunge northeast. In pre-Silurian rocks, the first generation Acadian folds are expressed by tight, nearly isoclinal, subvertical to southeast overturned folds of schistosity or gneissic layering.
Commonly a strong to moderately strong crenulation cleavage is parallel to the axial surface of these folds. On the limbs of these folds the older, pre-Acadian schistosity and the Acadian crenulation cleavage are parallel or intersect at small angles of strike or dip.
In the Proctorsville, Butternut Hill, and Spring Hill folds, two later and apparently conjugate crenulation cleavages are present. These crenulation cleavages dip moderately east and west and fold the oldest foliation in the Silurian and Devonian rocks and both the pre-Acadian schistosity and first-stage Acadian crenulation cleavage in pre-Silurian rocks. Very commonly, these oppositely dipping crenulation cleavages produce opposed asymmetric minor folds in the same outcrop. The folds have opposite rotation senses but a common orientation of their hinge lines. The obtuse bisectrix of the two late crenulation cleavages is subhorizontal and the acute bisectrix subvertical. This configuration suggests an important component of flattening related to later tightening of the main Acadian folds. This characteristic pattern is especially well developed in the Waits River Formation and older rocks in the core of and on the steep west-dipping limb of the Butternut Hill fold.
Rotation sense of minor folds
The rotation sense of Acadian minor folds is highly variable and depends entirely upon the intersection relationship between the dip direction of the folded foliation and the dip direction of the axial surface of the folds. Likewise the direction of plunge is governed by the general strike of the foliation or gneissosity and the strike of the axial surface of the later folds. Because of the control that orientation of the older foliation or gneissosity exerts, the rotation sense and plunge direction of minor folds has only local significance. A previous interpretation of the major folds, based on the plunge and rotation sense of minor folds, indicated that the Proctorsville and Butternut Hill folds plunged to the northeast (Thompson, 1950; Rosenfeld, 1954) , however re-examination of minor folds on the limbs of the Butternut Hill fold by Nisbet (1976) suggested that neither the rotation sense or plunge directions of minor folds were consistent with such an interpretation. Examination of the plunge and rotation senses of minor folds observed in this study support the observations of Nisbet. Observations along the southern closure of the Butternut Hill fold in the Saxtons River Quadrangle (Ratcliffe, 1993; Ratcliffe and Armstrong, 1995) indicates that the regional plunge is to the southwest. Therefore, we interpreted the Butternut Hill fold as antiformal and the structural compliment to the Spring Hill syncline on the east, and to the Proctorsville fold on the west.
Spring Hill syncline
Metavolcanic and metasedimentary rocks of the Cram Hill Formation lie in the core of the Spring Hill syncline (as defined by Ratcliffe and Armstrong, 1995) . At the northern closure of the Cram Hill, plunges of Acadian minor folds are consistently to the south as they are in the northern half of the syncline in the Saxtons River Quadrangle. These observations do not support the northerly plunges and inverted rocks as suggested by Rosenfeld (1954) . At the northern closure of the Spring Hill syncline, in the Chester Quadrangle, (Ratcliffe, 1995b ) northerly plunges are not present and the folds plunge either southwest or west.
Acadian plunges tend to be subhorizonta! throughout most of the syncline in this map because the strike of the crenulation cleavages and the strike of the older schistosity (Taconian) are commonly parallel. However, the minor folds do not plunge uniformly in one direction and the average fold plunge probably is subhorizontal.
Butternut Hill fold
The Butternut Hill fold, like the Proctorsville fold to the west, appears to be a composite of several Plunge reversals of folds in the core gneisses of the Butternut Hill fold are abundant, suggesting that Yrg unit projects above the Earth's surface in the rather simple folds illustrated. The tightly folded
Spring Hill fold appears to be synform as shown, however an abundance of northwest-plunging reclined minor folds, like those along the west limb of the Butternut Hill fold, are present. A more complex geometry involving major reclined folds is possible. The dominant folding however, folds the schistosity that is the axial surface of the reclined folds, and amplitude of the fold seems to be largely the result of Acadian shortening.
In section B-B', the south-plunging rocks of the Cram Hill in the keel of the Spring Hill fold, are projected upwards into the line of section. These plunge data support the overall synformal pattern of the Spring Hill fold. In the Saxtons River Quadrangle, the Cram Hill rocks in the core of the fold occupy a doubly plunging Acadian syncline. In the core of the Butternut Hill fold, the axial trace of an upright Middle Proterozoic fold has been refolded. The isolated repeats of Ya and Ybg within the Ymig unit, shown above the ground, are the expression of steeply dipping east-west-trending layering controlled by the subvertical older axial surface and the intersection of the units with the vertical section. Minor folds in this area exhibit steep plunges both to the north and to the south suggesting refolding of subvertical rocks.
In both A-A' and B-B' a folded thrust fault is shown within the Mount Holly Complex that extends downward from the east side of the sections. This fault is the down-dip projection of the Hawks Mountain fault, that in the Chester Quadrangle to the east, thrusts rocks of the Cavendish Formation over tonalitic gneisses in the core of the Chester dome. This fault is interpreted as a pre-dome thrust fault that roots within the core of the dome and which passes up section to the west (Ratcliffe, 1995b) . It is interpreted as a Taconian thrust that imbricated basement and cover rocks and which subsequently was folded. To the west, this fault is shown as merging with the F2 generation Andover thrust, that places Pinney Hollow over the underlying Plymouth and Tyson Formations.
The Moretown Formation is shown as floored by thrust faults that cut down to and across the basement rocks of the Chester dome. These same faults are interpreted to pass up section to the west, cutting across older thrust faults in the Tyson through Stowe section to the west. All these faults are interpreted as Taconian. The connection between these faults is highly interpretive. As shown on section B-B' the Nancy Brook fault may connect in the subsurface with a Taconian master, but hypothetical fault that carries the core gneisses of the Butternut Hill fold of the Chester dome over an unknown thickness of cover sequence rocks. These faults are all interpreted to have formed in the Taconian orogeny and were subsequently folded in the Acadian orogeny. Pinstripe granofels member Light-gray-to pinkish-gray-weathering, pinstriped, biotiteplagioclase-quartz granofels and quartzite. Granofels layers contain abundant fascicles of hornblende, or layers of hornblende-plagioclase granofels 1 to 5 cm thick; where these hornblende fascicles and granofels layers predominate unit passes into Omhg Black schist member-Dark-gray to silvery-gray, garnet-biotite-muscovite carbonaceous schist, and associated rusty-weathering muscovite-biotite-quartz schist. Passes laterally into more muscovite-rich, lustrous, dark-gray quartz schist, very locally exposed and associated with amphibolite (Oma), and talc deposits that were locally mined. Occurs in the core of the Spring Hill fold where it is as much as 10 m thick, may correlate with the Ombs member exposed near the ultramaflc rocks in and along the Potash Brook fault Garnet schist and granofels member-Light-greenish gray-weathering, chlorite-muscoviteplagioclase-quartz granofels and schist containing feldspathic and well-laminated garnetrich granofels layers 0.5 to 1 m thick, unit is gradational with Oml, which it closely resembles, except for the higher proportion of muscovite-rich schist in Omgs Amphibolite member Dark-green to black, well-foliated, fine-grained hornblende and epidote-plagioclase amphibolite, occurs as discontinuous layers in Oml, and in Omhfs as several more continuous units Hornblende fascicle schist member-Light-gray to gray-green, chlorite-muscovite-biotiteplagioclase-quartz schist and granofels marked by conspicuous sprays of hornblende and distinctive, large, 5 mm to 1 cm porphyroblasts of cross-foliation biotite, abundant irregular layers of coticule 1 to 2 cm in thickness, and abundant layers of pinstriped lightgray biotite-quartz granofels like Oml. Unit closely resembles the Omfgc unit exposed west of the Butternut Hill fold, with which it is correlated Moretown Formation of the Steadman Hill area west of the Butternut Hill Fold Black schist member-A very extensive unit consisting of dark-gray to rusty gray-brown weathering slabby, muscovite-biotite-plagioclase-quartz schist, quartz-knotted schist, and slabby gray, biotite porphyroblastic, siliceous schist and granofels. Unit is distinguished by abundant layers of gray or green feldspathic granofels resembling Oml and Omfgc, as well as abundant layers of quartzite and by gray, slabby to splintery outcrops that weather to a dull-brownish gray rind. Unit locally carbonaceous. Distinct porphyroblasts of biotite 2 to 3 mm in diameter are common Carbonaceous schist member Either a dark-gray to black, fine grained, garnet-biotitemuscovite-quartz phyllite or a whitish-tan, papery thin muscovite phyllite containing distinct porphyroblasts of biotite 2 to 3 mm in diameter, contains discontinuous layers of black vitreous quartzite (Omwq), or more feldspathic quartzite (Omfq). The quartzites pass laterally into zones of tan-to rusty-weathering feldspathic schist having distinct laminae of pinkish gray coticule, in layers 1 cm thick, and magnetite quartzite collectively mapped as Omwc, or separately mapped lens of gray, slabby biotite schist or granofels that contain elliptical fragments of fine-grained, felsic (dacitic) volcanic rock mapped as Omwv. These distinctive beds of volcaniclastic rock occur in two places at or near the base(?) of the carbonaceous schist member.
Hornblende-plagioclase granofels-Medium-gray, medium-to coarse-grained hornblende amphibolite consisting of equally abundant plagioclase and hornblende intergrown in distinctive metamorphic habit, resembling the dioritic texture of intrusive rocks Metasiltstone member-Light-green-to dull-gray-green-, weathered well-laminated, chloride metasiltstone, underlies Omws; contains deeply weathered, dark-brown lenses, 5 cm wide and 10 cm long, that may have been calcareous nodules, or altered fragments of volcanic rocks. Omgs and Omws were previously mapped as the Whetstone Hill Member of the Missisquoi Formation of Doll and others (1961) , they also contain irregularly distributed amphibolite (Oma) and pinstriped granofels (Oml), especially near the base Pinstripe granofels member-Light-gray-to pinkish-gray-weathering, pinstriped, biotiteplagioclase-quartz granofels and quartzite; unit passes laterally into Omgfs by increase in muscovite and chlorite Contact with the underlying Tyson Formation is not exposed in this quadrangle but is interpreted as a fault based on information from the Mount Holly (Ratcliffe, 1992a) and Plymouth (Ratcliffe, 1992b) areas to the north Pinney Hollow Formation (Cambrian and Late Proterozoic) Schist member (GZph)--Principally fine grained, lustrous, light green, chlorite-magnetitemuscovite-quartz schist, containing knots of fine grained milky-white quartz; overall member is finer grained, more muscovitic, and more chloritic than similar appearing schists of the Stowe Formation. Contains layers of dark-green, laminated to well-foliated hornblende and epidote-hornblende-plagioclase amphibolite (GZpha), that is interbedded with dull-greenish gray, medium-to fine-grained, metasiltstone or metatuffaceous rock (GZphm). The bedded nature of the amphibolites and the metasiltstone suggest a protolith of mafic volcaniclastic and perhaps more felsic volcanogenic metasediments. White to light-gray, very feldspathic quartz granofels (GZphf) occurs near the base of the amphibolite and may be a felsic volcaniclastic rock similar to that described by Walsh .. Acadian fold, commonly the intersection between Taconian S, or S2 foliation and Acadian crenulation cleavages, or second or third generation Acadian folds in Silurian and Devonian rocks
SYMBOLS MAY BE COMBINED (JOINED AT POINT OF OBSERVATION)
Highly plicated gneissosity, schistosity or foliation, intersecting Acadian crenulation cleavage, and plunge of hingeline of minor fold Inclined Taconian S2 foliation, intersected by vertical Acadian crenulation cleavage and plunge of hingeline of Acadian minor folds Inclined Taconian F2 axial surface having east-plunging F2 folds, intersected by inclined Acadian crenulation cleavage and plunge (to northeast) of Acadian plication of the Taconian F2 axial surface
Multiple intersecting Acadian crenulation cleavages, arrows show plunge of hingelines of minor folds in these clevages
